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Synopsis 
Macromolecular assemblies such as the ribosome, spliceosome, polymerases are imperative 
for cellular functions. The current understanding of these important machineries and many 
other assemblies at the molecular level is poor. The lack of structural data for many 
macromolecular assemblies further causes a bottleneck in understanding the cellular 
processes and the various disease manifestations. Hence, it is essential to characterize the 
structures and molecular architectures of these macromolecular assemblies. 
Though the number of 3-D structures for individual proteins structures or domains in the 
Protein Data Bank (PDB) is growing, the number of structures deposited for 
macromolecular assemblies is relatively poor. Hence, apart from the use of experimental 
techniques for characterizing macromolecular assembly structures, the use of 
computational techniques would help in supplementing the growth of macromolecular 
assembly structures. This thesis deals with the use of integrative approaches where 
computational methods are combined with experimental data to model and understand the 
mechanistic features of macromolecular assemblies with a special focus on a sub-complex 
of the spliceosome machinery.  
Chapter 1 of this thesis provides an introduction to protein-protein interactions and 
macromolecular assemblies. Further, the modeling of macromolecular assemblies using 
integrative methods are discussed, with a subsequent introduction to the spliceosome 
machinery. 
In chapter 2, modeling studies were performed on the proteins involved in the general 
amino acid control mechanism, which is triggered in yeast under amino acid starvation 
conditions. The proteins involved in the study were Gcn1, a ribosome binding protein and 
the RWD-domain containing proteins Gcn2, Yih1, Gir2 and Mtc5. From laboratory 
experiments it is known that in order for Gcn2 activation, an eIF2α kinase, its RWD-
domain has to bind to Gcn1 and the residue Arg-2259 is important for this interaction. As 
the 3-D structure for the Gcn1 region containing Arg-2259 is not currently available, its 3-
D structure was inferred using fold recognition and comparative modeling techniques. 
Further, in order to understand the Gcn2 RWD domain-Gcn1 molecular interaction, a 
complex structure was inferred by using a restrained protein-protein docking procedure. 
As the proteins, Yih1 and Gir2 are known to bind to Gcn1 using their RWD-domains, first 
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the structures of the RWD-domain containing proteins including Mtc5 were inferred using 
a Gcn2 RWD domain NMR structure. Additionally, the Gcn1-Gcn2 complex was used to 
build a set of complexes to explain the binding of other RWD domain containing proteins 
- Yih1, Gir2 and Mtc5. The important molecular interactions were obtained on analysing 
the interacting residues in these complexes. Thus, the Gcn1-Gcn2 interaction at the 
molecular level has been proposed for the first time. Future experiments guided by the 
protein-protein complex models and the proposed set of mutations should provide an 
understanding about the critical molecular interactions involved in the general amino acid 
control mechanism.      
Chapter 3 describes an integrative approach that was used to decipher a pseudo-atomic 
model of the closed form of human SF3b complex. SF3b is a multi-protein complex 
containing seven components – p14, SF3b49, SF3b155, SF3b145, SF3b130, SF3b14b and 
SF3b10. It recognizes the branch point adenosine in the pre-mRNA as part of U2 snRNP 
or U11/U12 di-snRNP in the spliceosome. Although, the cryo-EM map for human SF3b 
complex has been available for more than a decade, the structure and relative spatial 
arrangement of all components in the complex are not yet known. The integrative modeling 
approach used here involved utilizing structural data in the form of available X-ray and 
NMR structures, fold recognition and comparative modeling as well as currently available 
experimental datasets, along with the available cryo-EM density map to provide a model 
with high structural coverage. Hence, the molecular architecture of closed form human 
SF3b complex was derived that can now provide insights into the functioning of SF3b in 
splicing. This might also help the future high resolution structure determination efforts of 
the entire human spliceosome machinery 
In chapter 4, the molecular architecture of the closed form of SF3b complex obtained from 
the use of integrative modeling approach (Chapter 3) is extensively discussed. The 
structure-function relationships for some of the SF3b components based on the pseudo-
atomic model has also been provided. In addition, the extreme flexibility associated with 
some of the SF3b components based on dynamics analysis has also been examined. Further, 
using an existing U11/U12 di-snRNP cryo-EM map and the closed form SF3b complex 
pseudo-atomic model, an open form of the SF3b complex was modeled and the component 
structures were fit into it. Hence, it was found that the transition between closed and open 
forms is primarily caused by a flap containing the HEAT repeat protein, SF3b155. This 
protein is also known to harbor cancer causing mutations and has the potential to affect the 
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closed to open transition as well as SF3b complex structure and stability. Thus, this provides 
a framework for the future understanding of the closed to open transition in SF3b 
functioning within the spliceosome. 
Chapter 5 builds upon the integrative modeling approach (Chapter 3) that proposed the 
molecular architecture of the closed form of human SF3b complex and an open form of 
SF3b that was derived due to a flap opening of the closed form and which might help in 
accommodating RNA and other trans-acting factors within the U11/U12 di-snRNP 
(Chapter 4). In the current chapter, the SF3b open form and its interaction with the RNA 
elements is studied. The 5' end of U12 snRNA and its interaction with pre-mRNA in branch 
point duplex was modeled guided by the open form of SF3b that provided the necessary 
structural constraints and the RNA model is topologically consistent with the existing 
biochemical data. Further, utilizing the SF3b open form-RNA model and the existing 
experimental knowledge, an extensive discussion has been provided on how the 
architecture of SF3b acts as a scaffold for U12 snRNA: pre-mRNA branch point duplex 
formation as well as its potential implications for branch point adenosine recognition 
fidelity. Moreover, the reasons for SF3b to be defined as a “fuzzy” complex - a complex with 
highly flexible folded regions along with intrinsically disordered regions is also discussed. 
Hence, the current work adds to the excellent developments made previously and deepens 
the understanding of the structure-function relationship of the human SF3b complex in the 
context of the spliceosome machinery.  
In chapter 6, a methodology has been proposed for the use of evolutionary conservation of 
protein-protein interfacial residues in multiple protein cryo-EM density based fitting of the 
protein components in the low-resolution density maps of multi-protein assemblies. First, 
the methodology was tested on a dataset of simulated density maps generated at four 
different resolutions -10, 15, 20 and 25 Å. On utilizing the evolutionary conservation scores 
obtained from multiple sequence alignments to score the fitted complexes, it was found that 
there was a decrease in the conservation scores when compared to that of the crystal 
structures, which were used to generate the simulated density maps. Further, the 
assessment of the multiple protein density fitting technique to align the actual protein-
protein interface residues correctly using a performance metric called F-measure showed 
there was a decrease in performance as the resolutions became poorer. Hence, based on 
evolutionary conservations scores as well as F-measure the decrease in conservation scores 
or performance was found to be mainly due to the errors associated with the fitting process. 
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Subsequently, a refinement methodology was designed involving the use of conservation 
scores, which improved the accuracy of the fitted models and the same was observed in an 
experimental cryo-EM density test case of RyR1-FKBP12 complex. Hence, the conservation 
information acts as an effective filter to distinguish the incorrectly fitted structures and 
improves the accuracy of the fitting of the protein structures in the density maps. Thus, one 
can incorporate the conserved surface residues information in the current density fitting 
tools to reduce ambiguity and improve the accuracy of the macromolecular assembly 
structures determined using cryo-EM. 
In the concluding chapter 7, the learnings on the structural and mechanistic features of 
protein assemblies obtained from the use of computational techniques and integration of 
experimental datasets is discussed. In chapter 2, the modeling of a binary macromolecular 
complex such as the Gcn1-Gcn2 complex was performed using computational structure 
prediction strategies to understand the molecular basis of its interaction. Due to the 
potential inaccuracies which can exist in computational modeling, the chapters 3 to 5 dealt 
with the use of integrative approaches, primarily guided by the cryo-EM map, in order to 
decipher the molecular architecture of the human SF3b complex in the closed and open 
forms as well as its contribution for branch point adenosine recognition. Based on the 
extensive experience gained in modeling of assemblies using cryo-EM data in the previous 
chapters, a new method has been proposed on the use of evolutionary conservation 
information to improve the accuracy of cryo-EM density based fitting. Hence, these studies 
have provided strategies for modeling macromolecular assemblies as well as a deeper 
understanding of its mechanistic features. 
